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ABSTRACT.~~Numerous accounts in the literature demonstrate
that the effects of fire on North American pines are highly
variable. Ibp some cases trees with severe crown scorch survive
and grow more rapidly, while in other cases extemsive mortality
results. Three of the most important factors sffecting a
tree's response to fire are the timing of defoliation, level of
defoliation, and species differences in bud development. An
ongoing field study designed to assess the importance of
defoliation level and timing upon southern pine survival and

growth is described.

INTRODUCTIOR

The literature contains pumerous accounts of
fire and its effects on the pine forests of North
Americe. This extensive data base spans a period
of more than 100 years and ranges from simple
recollections to replicated laboratory studies.
The full range of plant responses to all but the
most intense fires can be found. Differing
responses to fire are saused by a host of
factors, many of which are mentiocned in Wade and
Johansen (1986). We speculate that three of the
most important factors affecting survival and
subsequent growth are the timing of defoliation,
level of defoliation, and species differences inm
bud development. These factors are discussed in
this paper. In addition, an ongoing field study
designed to assess the importance of defoliation
upon southern pine survival and growth is
outlined. Growth differences 3 months after
defoliation and visual impressions 6 months after
defoliation are described.

BACKGROUND

Plant tissue is killed when its lethal
time-temperature combination is reached. 4
commonly accepted tenperatgre for near-
instantaneous death is 130 F (Byram 1948).
Temperatures of 115 F will also kill plant
cells if they are sustained for several hours
according to work reviewed by Hare (1961) and

McArtbur (1980), but prescribed burns are not
likely to elevate temperatures for that long a
period. Yellow to bronze foliage immediately
after a fire is & sure indicator that a lethal
heat dose was applied; the discolored needles
are in fact dead. Charred or partially consumed
needles indicate thns the ignition temperature of
cellulose (about 450  F) was reached. These
mortality and ignition thresholds are
increasingly likely to be met as the ambient air
temperature increases. Summer fires ogten oocur
when ambient temperatures are 30 to 60 F higher
than those assoclated with winter fires.
Moreover, temperatures of the upper tree crowns
can be higher than the surrpunding air due to
solar heating. Thus, little additional heat is
required to raise npeedles to their lethal
temperature threshold during susmer burns.

Even with cool winter temperatures, southern
pines can suffer complete crown scorch, but they
alse routinely survive provided they are larger
than about 2 inches d.b.h. and no foliage is
actually consumed. Crown damage from fires
during the growing season is generally more
severe, and its consequences are more serious.
We believe this differential survival between
seasons is primarily a function of bud-kill.
When bud-kill is combined with defoliation, a
much more life-threatening situation exists,
Crown scorch does not automatically signify
bud-kill in the four major southern pine species
because the buds of these species, especially
longleaf (Pinus palustris Mill.), are tgicker
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than the needles. Because the rate of
temperature rise is inversely proporticnal to
thickness, either higher temperatures or lower
sustained temperatures are necessary to kill the
buds of such species. There are no obvious signs
to enable an observer on the ground to
differentiate between completely scorched trees
with and without bud damage if needles have not
been consumed.
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For species with nesdles at 1sast asqual to
their buds in thickness, erown scorck is &
reliable indicator of orown kill,  ¥hess species
also tend to bave fine branches which are easily
beat-killed, even though the branch tips may
temporarily survive because the nesdle clusters
form a protective sheath around them.  Regardless
of the protective mechanism, & given tree is much
more likely to suffer crown damage during a
summer fire because of higher ambient
temperatures,

BUD DEVELOPMENT AND TIMING OF DEFOLIATION

Host northern temperate zone pines have
preformed buds. That is, their winter budas
oontain all the unexpanded shoots for the
following season's growth, These species ars
thus oonfined to a single growth flush each
year. After dormsncy is broken im the spring,
the shoots elongate fairly rapidly (1 to 2
moaths) and then form next year’s buds.

The four major southern pine species, on the
other hand, undergo multiple flushes because
their winter buds do not contain all the shoot
primordie for the following growing season. When
dormancy is broken in the spring, the terminal
bud expands into a shoot and a2 second bud forms
at the apex of the shoot. That bud elongates to
sxtend the initial shoot, and another bud is
formed. Southern pines generally undergo thrae
to four flushes during the growing asason
a2lthough as many as ssven have been recorded in
the literature (Wakeley and Marrerc 1958).
Depending upon species and environmental
oonditions, the buds that form after the first
flush may open immediately upon formation or
after varying periods of time (Romberger 1963).
Defoliation, especially early in the growing
aeason, has been shown to stimulate the rapid
opening of buds regardless of whether the species
has preformed buds or is multinodal. Later in
the summer, however, defoliation will mot elicit
the same response--apparently due to & shortening
of the photoperiod, 80 the defolisted tree
remains naked until the following spring.

Complete defoliation of any evergreen has
dire consequences with damage a funotion of the
length of time the tree is without foliage. It
has been demonstrated that root system recovery
after defoliation is directly related to the
length of time the trees are defoliated.
Kozlowski (1971) presents a aynopsis of the
evidence that shows root growth is governed by
the supply of photosyathetic products and growth-
regulating hormones from the orown. The
reduction in live root mass following severe
insect defoliation is well dooumented (Swain and
Craighead 1924, Redmond 1959, Gregory and Wargo
1986). However. published data relating fire
defoliation to (rowth responsss and mortality
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are, &t first glanoe, without pattern and in some
instances appear to be oontradiotory, Separation
of this literature by season of defoliation and
bud development markedly oclarifies the picture.
In species with preset buds, complete defoliation
any time during the growing season will result in
death (e.g. Craighead 1940, O'Neil 1962, Methven
1971), while in the multinodal southern pines,
the damage is most severe following defoliation
late in the growing season (Allen 1960, Beal
1942, Bruoce 1956, Wade and Ward 1975).

FIELD STUDY

In an attempt to determine the importance of
season and level of defoliation and to assess the
magnitude and duration of any growth responses in
southern pine, we installed a defoliation atudy
in &-year-old lcblolly pine (P, taeds L.) and
slash pine (P. slliottii BEngelm.) plantations. &
factorial experiment (Ax5) with & random mixed
block design was sstablished at & locationa (2
per species), Fifteen blocks were used at each
location. One of five levels of defoliation (0,
33, 66, 95, or 100 percent) and one of four
seasons of defoliation (January, April, July, or
October) were assigned to each of 20 trees within
&8 block. Needles were hand removed during the
first 2 veeks of esach treataesnt month.

Pretreatment d.b.h. and height were measured
on all 1200 trees during the 1985-86 dormant
season. The April, July, and October defoliation
took place as scheduled. While applying the
October treatments, we formed several visual
impressions regarding the trees defoliated .
sarlier in the growing season. Those trees
defoliated § months previously {April) bad all
refoliated, undergone several flushes, and leoked
healthy. The trees defoliated in July, on the
other hand, had all refoliated but had nmot
undergone as many post-defoliation flushes and,
thus, bad sparser orowns., In many instances the
nesdles on the July tress also appeared Lo be
somevhat chlorotic.

Heights and d.b.h.%s of the trees defoliated
in April were remeasured in July. Growth
differences between defoliation levels are
striking (Table 1). Three-month diameter growth
was commensurate with the level of defoliatidn.
Diameter growth of the completely defoliated
trees was 34 and 36 percent of the non-defoliated
trees for loblolly and slash pine, respectively.
The same general trend was found in height
growth, though species differences were greater--
62 percent in slash pine and A5 percent in
loblolly pine. In three of the four locations,
trees that had the lower 33 percent of their
crowns removed outgrew the controls in height
during the first half of the growing season. All
trees are scheduled for remeasurement during the
1986-87 and 1987-~88 dormant seasons,



Table 1.--Thres-month growth responses of southern pine subjected to five

Branchville, SC

“levels of defoliation during early April 1986. .
4 {
- % DBH { Heisht
Locstion . Percent Defoliation H Percant Defoliation
} g 33 66 95 100 _{_o 33 66 95 joo
{
Slash pine | }
GA For. Comm. { 100 100 73 &3 86 | 100 99 8s 79 63
Waycross, GA | H
| !
{ {
Slash pine { {
Union Camp Corp. | 100 82 §5 35 26 | 100 100 99 67 61
Palatka, FL | !
i !
{ i
Loblolly pine | {
Int. Paper Co. | 100 79 70 &7 3% | 100 100 94 67 53
Bainbridge, GA | !
H |
{ i
Loblolly pine | H
Westvaco Corp. | 100 82 65 40 32 | 100 102 77 59 38
! {
i {

1Exprasaod as a percentage of the growth of trees with no defoliation.

SUMMARY oo

All study trees, imcluding those completely
defoliated at the beginning of the growing season
or halfway through the season, had refoliated and
were alive as of early October, However, both
diameter and height growth had been severely
retarded, especially with the more severe levels
of defoliation. At this time we can only
speculate on future growth loasses or mortality,
although some of the July defoliated trees show
signs of tresuma in the form of yellowing in the
new-growth needles. When the full impact of
these crown damage treaiments has been assessed,
the results will have obvious implications in the
acheduling of prescribed fire &8s well as in
interpreting literature preports on "fire
treatment® used to measure fire effects.
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